There are two processes of bone formation, either endochondral or intramembraneous.
Most bones are formed by the endochondral bone formation process, in which cartilage formation is required for successive bone formation, and this cartilage is generally called growth cartilage (GC). The GC proliferates, becomes hypertrophic and calcifies its matrices. Each GC stage cell forms corresponding zones: proliferating GC zone, hypertrophic GC zone, and calcifying GC zone. Many studies have shown that each type of GC cell has different cellular activities [3, 4, 17, 20, 21, 23] . For example, proliferating stage cells express a PTH/PTHrP receptor and a IGF-1 receptor, and hypertrophic stage cells decrease their expression [11, 24] . A FGF receptor decreases its expression by differentiation, while a vitamin D receptor increases [24] . Hypertrophic zone cells cease to synthesize type II collagen and begin to augment alkaline phosphatase (ALP) activity. Calcifying zone cells accumulate matrix vesicles, type X collagen [12] , C-propeptide of type II procollagen [13, 19] and osteonectin [18] in the matrices. Each GC zone is also distinguished by monoclonal antibodies with different specificity to each GC zone [15, 16] . Thus, it is clear that each GC zone cell represents a distinct cyto-differentiation stage and a different cellular activity.
Most studies on GC cells, however, have used a mixture of these GC cell populations, mainly due to the difficulty of obtaining a sufficient amount of each GC zone cell [22] . To perform a precise study on the cellular activity of GC cells and on the cytodifferentiation of each GC stage, cloned cells representing each GC zone are required, which show unique characteristics of each GC zone and provide a sufficient amount of each zone cell. However, there are few established cartilage cell lines available [10, 25, 26] , and no sets of cell lines of each GC stage.
Virus carrying oncogenes cause transformation or immortalization of chondrocytes and/or osteocytes [1, 8, 27, 29] . Myc oncogene is known as an immortalizing gene [5, 6, 9] . Retro viruses are efficient vector systems to transfer genes into a variety of cell types [7, 28] . To obtain a set of representative cell clones of each GC stage, the author infected retro virus (murine Moloney leukemia virus) carrying c-myc oncogene onto the primary culture of rat GC cells, and obtained 22 
III. Results
Morphology Twenty-two clones were obtained and examined in Table 1 . Characteristics of each clone Morphology (Morph., P; polygonal shape, S; spindle shape, P/S, S/P; intermediate shapes) and nodule formation (Nod.) were examined mainly with phase contrast microgram and HematoxylinEosin staining. Alkaline phosphatase activity (ALP), fiber formation (Fiber), and reactivity to anti-GC antibody (MAb) were examined with ALP staining kit, azan staining and indirect fluorescent antibody staining, respectively. Fibro, RC, pGC, hGC, hhGC and hcGC showed fibroblast, resting cartilage cell, proliferating GC cell, early hypertrophic GC cell, late hypertrophic GC cell and late hypertrophic/calcifying GC cell, respectively.
this study. The results of histochemical and immunohistochemical examinations on the obtained clones are summarized in Table1. Two typical morphologies (polygonal: Fig.1-a, c; or spindle: Fig.1-b, d ) were observed with phase contrast microscope and HematoxylinEosin staining. Eight clones showed a polyglonal shape which is characteristic of GC cells, two clones showed a spindle shape which is characteristic of fibroblasts, and the others showed intermediate ones (Table1-Morph.). Most of the polygonal clones formed nodules after they reached the confluent stage (Fig.1c) , while the spindle-shaped clones spread out in a monolayer and formed no nodules (Fig.1d, Table1-Nod. ).
Cartilage specific characteristics
With toluidine blue staining, little metachromasia was observed in any clone (data not shown).
Polygonal clones, for example the 5C6 clone, showed slightly more intensive metachromasia than the other clones. With alcian blue staining, the nodules of some polygonal clones, for ex-acbd muno-histochemical staining with the antibody. The spindle-shaped cells did not react to the antibody at all, while some nodules of the polygonal-shaped clones did (Table1-MAb). These positive clones, however, did not react to the antibody in their monolayer region. These clones began to produce the GC specific antigen after the confluent stage. A change in the characteristics of one clone between before and after the confluent stage was also obseved in proteoglycan formation, ALP activity and fiber formation.
Response to PTH Cellular response of the ALP positive clones and some other clones to PTH was examined for cellular cAMP production by the addition of 1-34 PTH. 5F1 and 5A5 responded to 1-34 PTH and showed about a threefold increase in cAMP. Only the 5C6 clone showed about a ten-fold increase in cAMP upon addition of 1-34 PTH (Table2).
The 5C2 clone showed an extremely high cAMP production without the addition of PTH.
IV. Discussion
GC consists of distinct cyto-differentiation stages: proliferating stage, hypertrophic stage, and calcifying stage. To obtain representative cells of each stage, primary cultured rat GC cells were transformed by infection with retro virus carrying c-myc oncogene.
Morphological examination classified the obtained cell clones into polygonal shape (P), spindle shape (S) and their intermediates (P/S, Table2 .
Cellular responce of the alkaline phosphatase positive clones and some other clones to 1-34 rat PTH
The response was shown as the ratio of cAMP between the sample with PTH (final 10-7M) and that without PTH. Amount of cAMP was measured by radio-immuno assay.
S/P). The spindle shape is characteristic of fibroblasts or immature cells in the proliferating stage, and the polygonal shape is characteristic of matured GC cells in hypertrophic or calcifying stage [22] . The shape of each obtained clone reflects its original shape in each cytodifferentiation stage.
Metachromasia based on cartilage specific proteoglycan was not significantly observed in this study. Considering that, in other reports, cartilage cells lose their phenotype when cultured in a monolayer [2, 14] , the monolayer culture is one reason for low proteoglycan formation. We must use a culture system of agarose gel, collagen gel and pellet to examine the proteoglycan formation of the clones. With alcian blue staining, however, some nodules were stained positively. Since alcian blue staining is reported to detect proteoglycans, some clones produced proteoglycans in their nodule areas. ALP activity is one of the specific markers in distinguishing matured GC cells from immature ones. In the proliferating GC zone ALP activity is low, and in the hypertrophic and calcifying GC zones it becomes high. Both types of clones were obtained in this study. The ALP activity of each clone also reflects the original cyto-differentiation stage of each parental GC cell. Data of fiber formation did not give us much information to classify each clone because all clones formed fibers to some extent. This is consistent with these clones being derived from chondrocytes which have high propensity to form fiber. Moreover, it is noteworthy that the obtained clones still preserve the characteristic phenotype of chondrocytes after transformation by oncogenes.
Some clones showed different phenotypes between low cell-density and high cell-density areas. In these clones, phenotypes such as proteoglycan production, ALP activity or fiber formation were induced after they reached the confluent stage. The change in characteristics before and after the confluent stage was also observed in reactivity to a late GC zone specific antigen. These clones are associated with early to late hypertrophic GC stage. There are other clones whose characteristics do not change between low cell-density and high cell-density areas. These clones are thought to be associated with proliferating to early hypertrophic GC stage.
Early hypertrophic GC cells have a PTH/PTHrP receptor on their surface [11] . Among the examined clones which express phenotypes of early hypertrophic GC cell, the 4D4 and the 4D3 clones did not respond to 1-34 PTH, but the 5A5 clone did. At present, the author has no specific information to explain these results.
As discussed, each cell clone has different characteristics reflecting its original cyto-differentiation stages. The most critical phenotype used in this study to assess the cell type of each clone was ALP activity. The morphology of each clone assisted in its assignment. An assessed cell type of each clone is shown in the last column of Table1. Two clones showed a spindle shape morphologically, negative ALP activity, and active fiber formation.
The clones with these characteristics were assigned as fibroblast type (Fibro). Three clones showed a polygonal shape morphologically, negative ALP activity, and active fiber formation. The clones with these characteristics were assigned as resting cartilage cell type (RC). Other clones showed characteristics of each GC cell. Depending on their characteristics, they were assigned as proliferating GC cells (pGC), early hypertrophic GC cells (hGC) or late hypertrophic GC cells (hhGC). Reaction to the late GC zone specific antigen was most observed in hhGC clones. In summary, with proceeding differentiation (maturation) of the GC cells, the cells become polygonally shaped from a spindle shape, increase their ALP activity, and present a differentiated (late GC zone specific) antigen. We now have a set of representative clones of each cyto-differentiation stage. Having clones with different characteristics of chondrocytes identifies these clones as immortalized ones. Because c-myc oncogene is involved in not only proliferation but also differentiation [6] , it is rational that transformed cells reserve their original phenotypes. Present availability of large amounts and varieties of clone enables us to study the cyto-differentiation and factors of each maturational stage of the GC cells.
V.
